Objective: To determine the clinical value of pharyngeal pH monitoring for the diagnosis of laryngopharyngeal reflux (LPR) by using a double-probe, triple-sensor catheter in patients with symptoms of LPR.
A N ACCURATE DIAGNOSTIC tool for laryngopharyngeal reflux (LPR) does not exist. Symptoms including chronic or intermittent hoarseness, voice fatigue and breaks, frequent throat clearing, sore throat, excessive mucus or postnasal drip, cough, dyspnea, or dysphagia may alert a physician to the possibility of LPR.
1,2 Laryngeal findings such as erythema, edema, mucosal hypertrophy, nodularity, ulceration, granuloma, or leukoplakia may arouse a clinical suspicion of LPR, but they are not pathognomonic for reflux. 3 It should also be kept in mind that the presence and severity of laryngeal findings are not always associated with symptom severity. 4 Traditional diagnostic test results for gastroesophageal reflux disease are often falsely negative in individuals with LPR. 5, 6 Dual-sensor, 24-hour pH monitoring is the most relied on method for the diagnosis of LPR. However, there are controversial issues in this diagnostic instrument, such as the precise position of the proximal sensor.
In esophageal pH monitoring, the distal sensor is placed 5 cm above the upper margin of the lower esophageal sphincter (LES) to avoid possible displacement into the stomach, especially during swallowing when the esophagus is shortened. Dual-sensor pH monitoring provides additional information concerning the occurrence of proximal esophageal reflux events, but no consensus exists for the placement of the proximal sensor. Various studies report probe placement at 15 or 20 cm above the LES or just below or up to 2 cm above the upper esophageal sphincter (UES). 7 However, proper positioning of the proximal hypopharyngeal sensor while maintaining the position of the distal esophageal sensor at the referenced location of 5 cm above the LES is difficult if a single-probe, double-sensor catheter with a fixed intersensor distance is used. Visual placement of the proximal sensor in the hypopharynx is an accurate method, but if it is done while monitoring with a single-probe catheter, the fixed distance between the proximal and distal sensors of the probe signifies that the distal sensor is placed in an unknown position in reference to the LES. 8 The distal esophageal acid exposure data cannot be standardized in this situation.
Recent methods, such as catheter designs that incorporated 3 antimony sensors into a bifurcated probe 9 or singleprobe, multisensor catheters, 10 were developed to overcome this problem. This prospective study investigated the clinical value of pharyngeal pH monitoring for the diagnosis of LPR by comparing pH values recorded at the pharyngeal sensor site and the sensor placed 20 cm above the LES, by using a double-probe, triple-sensor catheter in patients with symptoms of LPR. We also analyzed reflux symptom indexes, reflux finding scores, and pH values detected at the pharyngeal and esophageal sensor sites for every patient to search for a possible correlation.
METHODS
The study group comprised 33 consecutive patients (14 men and 19 women; age range, 20-67 years [mean, 42.2 years]) with laryngopharyngeal complaints and physical examination findings suggesting LPR. The reflux symptom index (RSI) was used for determining symptom severity (Figure 1) . 4 A complete head and neck examination together with videolaryngoscopy was performed, and physical examination findings were scored according to the reflux finding score (RFS) (Figure 2) . 11 Patients underwent double-probe, triple-sensor pH monitoring if their RSI was higher than 15 or their RFS was higher than 3. These cutoff values of RSI and RFS are based on the data obtained from 50 healthy subjects in our own laboratory (unpublished data, November 2005). We also used RSI and RFS values to analyze the correlation between patients' symptoms, findings, and reflux characteristics because these values are shown to be highly reliable and validated for documenting symptom and finding severity. 11, 12 Ambulatory 24-hour pH monitoring was performed using a MMS Orion II device (Medical Measurement Systems BV, Enschede, the Netherlands). The use of medications that would relax the UES and stimulate or inhibit the secretion of gastric contents were stopped 1 week before the procedure. Patients were instructed to continue their daily activities and to consume their usual diet except for acidic food and drinks during recordings. The patients maintained a diary that documented starting and ending times of meals, liquid swallows, sleep, periods while supine, heartburn, regurgitation, and any other notable symptoms.
We used a catheter that incorporated 3 sensors into an adjustable, bifurcated probe with a single connector and recording box for pH monitoring. One arm of the probe has a single sensor at the tip, and the second arm contains 2 sensors placed at a 15-cm interval with a 5-cm blind tip (Figure 3) . The pH probes were calibrated using buffer solutions of pH 7.0 and pH 4.0 just before and at the end of each examination. There was no notable drift in the pH signal during examination. Following calibration, the double-sensor arm was introduced transnasally and advanced until gastric pH was reached by the distal sensor. The probe was then withdrawn slowly until the distal sensor showed an abrupt increase in pH value (suggesting the gastroesophageal inversion point), and then the probe was withdrawn another 5 cm and fixed to the nose so that the distal sensor was positioned approximately 5 cm above the LES and the proximal sensor was positioned 20 cm above the LES, just below the UES. Next, the single sensor was positioned 1 cm above the UES with the help of transnasal flexible endoscopy and secured to the nose (Figure 4 ). Examinations were continued for 24 hours.
Data were downloaded to a computer and analyzed for number of reflux episodes (pH Ͻ4) and percentage of time the pH value was less than 4 (acid exposure time) at all 3 recording sites for the upright and recumbent positions. A pH test result was considered abnormal if a single reflux episode was detected in the hypopharynx 5 and if, in the proximal esophagus, the total 0  1  2  3  4  5  0  1  2  3  4  5  0  1  2  3  4  5  0  1  2  3  4  5  0  1  2  3  4  5  0  1  2  3  4  5  0  1  2  3  4  5   0  1  2  3  4  5   0  1  2  3  4  5 Hoarseness or a problem with your voice 1.
Clearing your throat 2.
Excess throat mucus or postnasal drip 3.
Difficulty swallowing food, liquids, or pills 4.
Coughing after you ate or after lying down 5.
Breathing difficulties or choking episodes 6.
Troublesome or annoying cough 7.
Sensations of something sticking in your throat or a lump in your throat 8.
Heartburn, chest pain, indigestion, or stomach acid coming up 9.
Within the month, how did the following problems affect you? 0 = No problem 5 = Severe problem percentage of time the pH value was below 4 was 1.0% or higher. 8 A drop in pH value at the pharyngeal sensor site was considered a pharyngeal reflux episode only if the following occurred: (1) a drop in pH value below 4; (2) a decrease in the pharyngeal pH value immediately following distal esophageal acid exposure; (3) no decrease in the pH value during eating or swallowing; or (4) a rapid and sharp decrease in pH value rather than a gradual one. 8 With pH recording in pharyngeal or proximal esophageal locations, 2 types of artifacts can produce pH values below 4 and misclassify the identification of true reflux. 9 These artifacts are pseudoreflux, which is thought to be due to loss of mucosal contact or drying of the electrode, and ingestion of acidic food or drink. Pharyngeal episodes of acidification that did not occur with esophageal acidification were not categorized as LPR. All tracings were individually reviewed rather than relying on computer interpretation, to determine those that had the 4 aforementioned characteristics and were thus considered true LPR.
The Wilcoxon signed rank test was used to determine the association between the pH sensors. Spearman rank correlation was used to compare nonparametric data. All statistical calculations were performed using commercially available software (SPSS for Windows; SPSS Inc, Chicago, Illinois).
RESULTS
Patients' age, sex, pharyngeal and esophageal pH monitoring results, and RSI and RFS values are given in Table 1 . The percentage of time the pH value was below 4 and the number of reflux episodes is shown for the total time and the time in the upright and supine positions, both for the pharyngeal and proximal esophageal probes. The total number of reflux episodes and the total percentage of time the pH value was less than 4 were significantly less in the hypopharynx than in the proximal and distal esophagus, as expected ( Table 2 ). The number of hypopharyngeal acid reflux episodes was significantly correlated with those detected at the proximal esophagus ( Figure 5) .
Of 33 patients, 17 (52%) had more than 1 reflux episode detected by the pharyngeal sensor. Of these patients with pharyngeal reflux, 10 experienced reflux episodes just in the upright position. Only 7 patients had pharyngeal reflux in the supine position; the number of reflux events in the supine position was less than the number of reflux events seen in the upright position in all 7 of these patients. Overall, 90% of all hypopharyngeal reflux episodes occurred while in the upright position. The mean number of reflux episodes was 8.5 per patient (range, 2-26). Total percentage of time the pH value less than 4 at the pharyngeal sensor site was between 0.1% and 3.1% (mean, 0.7%) among patients with pharyngeal reflux.
All 33 patients had at least 1 reflux episode determined by the proximal esophageal sensor, but only 19 patients had pathological reflux (total percentage of time the pH value was Ͻ4 was Ն1.0%). Mean acid exposure time was 3.2% (range, 0%-24%).
Four patients who had pharyngeal reflux had normal esophageal acid exposure times at the proximal esophageal sensor site, and 6 patients who had pathological reflux at the proximal esophagus sensor site did not experienced any pharyngeal reflux episodes. Thus, 4 patients would have had a false-negative test result and 6 subjects would have had a false-positive test result if a hypopharyngeal pH sensor was not implemented.
There was no correlation between RSI values and the percentage of time the pH value was below 4 at the pharyngeal (P =.90) and proximal (P =.15) esophageal sensors and the total number of acid reflux episodes at the pharyngeal (P=.51) and proximal (P=.23) esophageal sensors. We also could not find any correlation between RFS values and the total number of reflux episodes (P=.41) and percentage of time the pH value was below 4 (P=.34) in the pharyngeal segment, and there was no correlation between RFS values and total number of reflux episodes detected in the proximal esophageal segment (P =.07). There was a slight but statistically significant correlation between RFS values and proximal esophageal acid exposure time (P =.03; r=0.38).
COMMENT
Previous pH monitorization studies either did not focus on the exact position of the pharyngeal sensor or suggested that the hypopharyngeal sensor location did not have to be precise if the sensor was placed up to 3 cm above the UES. 3, 10, 13 We placed a sensor just below the UES and another sensor 1 cm above the UES to compare acid exposure results of pharyngeal and proximal esophageal pH monitoring. We reviewed each tracing and compared it with the diary kept by the subjects to exclude artifacts. We did not encounter any pseudorefluxes that were due to drying of the hypopharyngeal sensor.
We detected LPR in 17 patients, 4 of whom had normal esophageal acid exposure times in the proximal esophagus. Thus, the esophageal acid exposure times were in the normal range, but some esophageal reflux reached the pharynx. Therefore, if only an esophageal study had been performed in our patients with LPR, 24% would have been falsely assumed not to have LPR.
In our study, there were 19 patients with abnormal acid exposure times in the proximal esophagus, 6 of whom did not experience any pharyngeal reflux. The use of esophageal pH data (even at a proximal esophageal location) to prove the presence or absence of LPR is invalid because the UES functions as the final barrier against LPR. Abnormal esophageal reflux as determined by pH monitoring does not imply LPR; conversely, normal esophageal reflux as determined by pH monitoring does not rule it out. In 1989, Wiener et al 14 first placed a pH electrode in both the hypopharynx and distal esophagus in an attempt to document acid reflux into the pharynx. Although most of their patients had severe gastroesophageal reflux disease, only a few showed an actual decrease in pH value at the pharyngeal electrode. In 1990, Katz 15 showed in a small number of patients with LPR that reliance on only an esophageal probe can result in false- 
